GONADAL dysgenesis is usually associated with multiple skeletal and visceral abnormalities as in Turner's syndrome. While most patients with this disease are normotensive, a few of the reported cases have had systemic hypertension,1-3 which has been either idiopathic or a manifestation of an associated coarctation of the aorta. So far as we are aware, however, the association of gonodal dysgenesis with pulmonary hypertension has not yet been described. The following case report concerns a patient with Turner's syndrome who died with clinical signs resembling those of anoxic cor pulmonale with no evidence of preceding disease of the lung parenchyma.
Case Report
As a small child the patient had winter bronchitis and attacks of pneumonia at the age of 3 and 6 years. Growth was normal to the age of 8 years but thereafter slowed and seemed to cease altogether at the age of 14 years. She was mentally subnormal. At the age of 14 years she had rheumatic fever and Perthe's disease. There was no evidence of menstruation by the age of 18 years and on this account a diagnosis of primary amenorrhea was made but treatment with Antuitrin S and G was without effect. At this time short stature, webbing of the neck, kyphosis, and hyperextensibility of the metacarpal joints were noted. The sella turcica and cervical spine were radiographically normal, and the heart and lungs were clinically normal.
At 26 years the patient was dyspneic on slight exertion but the respiratory system appeared to be clinically normal. Examination showed her to be a short, "thick-set" girl with Mongoloid eyes, her height being 55 inches (137 cm.) and her span 581/2 inches (146 em. osteochondritis, and a shallow right acetabulum. A wide cubital angle of about 170 was noted in both arms. The vaginal introitus was small and there was no development of the labia minora. All the secondary sex characteristics were very poorly developed. Axillary and pubic hair were scanty, the hair line was low, and there was no breast development ( fig. la ). Her cardiovascular system was found to be normal; in particular there was no evidence of coaretation of the aorta. The hlood pressure was 130/80 mm. Ilg and the radial pulse was regular at 72 per minute. The heart sounds were normal. The 24-hour urinary 17ketosteroid excretion averaged 2.6 mg. daily, carbohydrate tolerance was at the lower limit of normal, and insulin sensitivity was normal. A diagnosis of Turner's syndrome was made and her photograph was used to illustrate the clinical features of this condition.4 Treatment with 2 grains of thyroid extract per day and 2 mg. of hexoestrol 3 times a day were prescribed. When the basal metabolic rate rose to +55 per cent and the serum cholesterol had fallen to 80 mg. per cent, this therapy was discontinued.
She went to work as a clerk and at the age of 34 vears was admitted to hospital again because of increasing breathlessness of 4 years' duration, so that she was capable of climbing only a short flight of stairs without stopping. She had experienced frequent attacks of bronchitis. She was always tired and felt cold, had gained weight, and had become slow in doing things. Since the age of 26 a marked malar flush and cyanosis had appeared. The radial pulse was normal in rate and character and the systemic blood pressure was 120/90 mm. Hg. There was slight lateral displacement of the cardiac apex. The first sound at the apex was reduplicated and the second sound in the pulmonary area was not accentuated. There were no cardiac murmurs and no signs of congestive cardiac failure. The chest was barrel-shaped and respiratory excursion was mainly vertical, the lateral expansion being only 1 inch. The vital capacity was 1,300 ml.. this being 41 per cent of the predicted normal.5 Her breathlessness was considered to be due to the low vital capacity. At this time kyphoscoliosis was again noted and was considered due to a developmental anomaly of the fifth lumbar vertebra. Radiographic examination of the chest eonfirmed the slight cardiomegaly and demonstrated enlargement of the hilar vessels with pulmonary congestion. The electrocardiogram showed incom-Circulation, Volume XXI, March 1960 plete right bundle-branch block. The endocrine state was unchanged. Urinary gonadotrophins determined chemically gave values at the upper limiiit of the normal range (180 tg. per hour as glycine, 360 pAg. per hour as glucose). The 17-ketostercid excretion was 8 mg. in 24 hours.
Two years later she was seen in the out-patient department while recovering from an attack of bronchitis. There were no changes in the condition of her heart and lungs. Clinical examination suggested myxedema and she was given 2 grains of thyroid extract per day but this therapy was soon discontinued as her dyspnea grew worse.
Her final admission to the Queen Elizabeth Hospital at the age of 37 years was as an emergency for the urgent treatment of heart failure. Following a further attack of bronchitis she had rapidly developed extreme dyspnea and gross "swelling of the legs." Palpitation was troublesonie. Oni examination she was severely cyanosed and orthopneic and was in congestive cardiac failure with gross ankle and sacral edema and a tender, enlarged liver. The signs of pulmonary hypertension dominated the clinical picture with a right ventricular heave, a diastolic shock, and a loud, reduplicated second sound in the pulmonic area. There were no cardiac murmurs but there was an apical protodiastolic gallop rhythm. She had a tachycardia of 120 per minute, the radial pulse being of poor volume. The cardiac impulse was impalpable. The systemic blood pressure was 115/80 mm. Hg. Chest expansion was very poor.
There was hyperresonance to percussion in all areas. A teleradiogram showed enlargeiment of the heart with prominence of the pulmonary arteries. An electrocardiogram showed sinus rhythm with miany ventricular extrasystoles and right ventricular preponderance. In spite of therapy for the heart failure with oxygen, aminophylline, mnercurial diuretics, and penicillin, her condition deteriorated rapidly and she died 3 days later.
Postmortem Report The heart was enlarged. The right ventricle, stripped of fat, weighed 150 Gm., the normal weight being less than 65 Gm. ;6 the left ventricle weighed 122 Gm. Both the right atrium and ventriele were dilated and hypertrophied, the right nvocardium being 9 mmn. thick. The left cardiac chambers were normal; the left ventricle was 14 mm. thick. The aortic valve was bicuspid. It was thickened and scarred, the appearances being. suggestive of healed endocarditis. The other cardiae valves were normal. There were dilatation of the pulmonary valve ring and atheromatosis of the pulmonary arteries. The origin, course, and distribution of the coronary arteries were normal; there was no coronarv atheroma, mvocardial fibro-sis, or infaretion. There were no congenital cardiac anomalies apart from the bicuspid aortic valve. There was superficial atheronia of the aorta, which was markedly hypoplastic but showed no evidence of coaretation. The inferior vena cava was double and contained no antemortem thrombus.
There were bilateral, serous, amber-colored pleural and pericardial effusions and dense left pleural adhesions. The trachea and bronchi were congested, and the mediastinal lVmph nodes were enlarged. Both lungs were congested and edemiatous and the elastic pulmonary vessels were abnormally thick-walled and stood out prominently. The right lung (655 Gm.) was inflated with formalin to allow a detailed histologic examination and mensuration of the pulmonary vessels.
The liver and spleen were congested. There was mucosal cholesterolosis of the gallbladder, which contained a large, single cholesterol stone. The other abdominal viscera and the gastrointestinal canal were deeply congested. Both kidneys weighed 100 Gm. and were normal. The endocrine glands showed no structural abnormalities. The weights were as follows: left adrenal 5.5 Gn.; right adrenal 6.0 Gm.; thvroid 15.5 Gm.; pituitary 1 Gim. The uterus and cervix were snmall and together weighed 10 Gm. A few Nabothian follicles were present. The Fallopian tubes were long and narrow, and the vagina was simiall. Small ridges were found in the expected sites for ovaries.
Histologically, the main pulmonary arteries and the small elastic pulmonary arteries within the lung parenehyma showed severe atherosclerosis ( fig. lb) . The miuseular pulmoniary arteries (100 to 1,000 ,u in external diameter) showed a defiuite but slight increase in medial thickness ( fig. lc) . The pulmuonary arterioles appeared nornmal apart from a slight cellular intimal proliferation in some of them. Intimal fibrosis was not seen in the pulmonary arteries and arterioles. Small spicules of bone were present ini the luing parenehyvma. There was nio emphysema.
The gonadal remnants consisted of a small ridge of cellular fibrous tissue. The collagen fibers were arranged in parallel fasciculi at right angles to the peritoneal surface. Deep to this ridge were several tubules lined by low glands. The thyroid showed mild chronic nonspecific thyroiditis, with a heavy patchy lymphocytic exudate, and small acini lined by low-cuboidal epithelium and containing poorly stained colloid. The pancreas was normal. Sex chromatin was present in 25 per cent of all cells of the skin, but as only sections of paraffin-embedded material were available, the examination cannot be considered entirely satisfactory. The vaginal epithelium was atrophic, with occasional areas of desquamation, and there was a subepidermal chronic inflammatory exudate. The uterus was hypoplastic, with a vascular myometrium and a thick endometrium (nonsecretory and cystic). There were cystic dilatation of endocervical glands and a mild chronic cervicitis. The liver showed severe centrilobular venous congestion, with surrounding fatty change and the gallbladder showed cholesterolosis. Discussion
The basic data in this case are, clinically, that the patient died with symptoms and signs of pulmonary hypertension, and, pathologically, that there was right ventricular hypertrophy and dilatation with no evidence of a congenital cardiac anomaly capable of producing pulmonary hypertension or gross emphysema. The absence of marked medial hypertrophy and intimal fibrosis in the muscular pulmonary arteries (fig. lc) makes a diagnosis of idiopathic pulmonary hypertension unlikely, for this latter disease is associated with severe structural changes in the pulmonary vasculature.' In fact the presence of only a slight increase in medial thickness in the pulmonary arteries to a value barely exceeding 5 per cent of the external diameter of the vessels is characteristic of pulmonary vascular changes associated with most cases of cor pulmonale due to primary lung disease.7 This is probably due to the fact that the pulmonary artery blood pressure in these diseases is usually elevated only during the periods of congestive cardiac failure associated with respiratory infections.8 Exceptionally, even in primary lung disease, the pulmonary vascular resistance may be chronically elevated to high levels and severe vascular changes would then be expected. 9 We consider that this patient had anoxic cor pulmonale that developed as a result of the skeletal deformities of her chest, similar to the group of patients with kyphoscoliotic heart disease described by Hanley and his associates.10 These workers have shown that patients with kyphoscoliosis may present with the clinical picture of anoxic cor pulmonale, the total lung capacity and vital capacity being reduced to as little as one quarter of normal. In the present case there was thoracic deformity with small lungs, emphysema was absent, and the vital capacity was only 1,300 ml. 4 years before death. In such a patient the vital capacity and ability to ventilate the lungs are adequate for resting requirements. The patient is unable, however, to increase alveolar ventilation sufficiently to meet the increasing oxygen needs of exercise or increased metabolism, with the consequent development of the clinical picture of cardiorespiratory failure so familiar in chronic primary pulmonary disease. When infection supervenes, pulmonary functioni may be inadequate to meet even resting requirements.
Hanley and his co-workers"0 demonstrated moderate pulmonary hypertension in 2 of their kyphoscoliotic patients who had recovered from heart failure. The pulmonary vessels of 2 of their patients who died did not show the histologic changes commonily associated with severe pulmonary hypertensioin, suggesting that permanent and severe elevation of pulmonary artery blood pressure is not essential for the development of congestive heart failure in such patients.
Clearly the clinical and pathologic features of our case are in complete conformity with the diagnosis of kyphoscoliotic heart disease secondary to the skeletal anomalies of the thorax. The repeated clinical finding of absence of accentuation of the pulmonary second sound until the final admission is explained by such a diagnosis. There appears to be no theoretical need to invoke an inherited congenital pulmonary hypertension in this case to explain the presence of cor pulmonale. In the present case there was evidence suggestive of chromatin negativity, which occurs in 85 per cent of cases of gonadal dysgenesis.1' Previously accepted as a criterion of "maleness" it would now appear that nuclear sexing by this method is unreliable. Ford and his co-workers12 have recently reported a patient with gonadal dysgenesis who was female anatomically and psychologically, whose cells were "male" as judged by nuclear sexing, and whose sex chromosomes were neither normally male nor normally female. As judged by the chromosomes there was no male component and half a female component, so that these workers concluded that there was no justification for considering this patient to be male in any sense. Chromosome studies were not carried out on the present case.
The Gonadal Tissue
The histologic structure of the gonadal ridges in the present case is that of a fibrous ovarian-type stroma without differentiated ovarian elements and in association with small ducts lined by low-columnar epithelium (fig. ld) . Such appearances are very similar to those found by other workers,13 although they reported additional features in some of their cases such as adrenal inclusions, Walthard's nests, and remains of Miillerian ducts. Summary The clinical and pathologic features of a 37-year-old patient with Turner 's syndrome are described. Dyspnea developed in the third decade and respiratory signs and symptoms finally dominated the clinical picture, so that the case appeared terminally as one of anoxic cor pumonale. The heart failure is considered to be related to the kyphoscoliosis present as one of the skeletal deformities of the syndrome.
